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Abstract Heat shock proteins (Hsps) have been reported to play an important role in both physiological and pathological
processes. Hsps also may serve as biomarkers for evaluating disease states and exposure to environmental stresses.
Whether Hsp levels in serum and lymphocytes are correlated with age and sex is largely unknown. In this study, we
analyzed serum Hsp70 (the most abundant mammalian Hsp) levels by using Western dot blot in 327 healthy male
donors aged between 15 and 50 years. We also investigated the association between Hsp70 levels and age in lym-
phocytes of 80 normal individuals aged between 40 and 77 years because various chronic diseases increase after the
age of 40 years. Our data showed that serum Hsp70 levels were positively correlated with age in subjects aged between
15 and 30 years (P , 0.05) but negatively correlated with age in subjects aged between 30 and 50 years (P , 0.05).
Serum Hsp70 levels were the highest in individuals aged between 25 and 30 years among all age groups. In the
lymphocyte study there also was a significant age-related decrease in Hsp70 levels in lymphocytes of individuals older
than 40 years. The Hsp70 levels were negatively correlated with age (r 5 23.708, P , 0.0001) but not with sex (r 5
210.536, P 5 0.452). This suggests that both serum and lymphocyte Hsp70 levels are age-related and that these
may be linked to age-related stress. Thus, age is an important factor in using serum and lymphocyte Hsp70 as
biomarkers to evaluate the disease states or exposure to environmental stresses (or both).

INTRODUCTION

All organisms share a conserved stress response that in-
volves an induced synthesis of heat shock or stress pro-
teins (Hsps) when they are exposed to elevated temper-
ature and to other environmental challenges (Reviewed
in Lindquist and Craig 1988; Morimoto et al 1994). Hsps
can be grouped into 4 general families (Hsp90–110, Hsp/
heat shock cognate 70 [Hsc70], Hsp60, and the small
Hsps [Hsp10–30]) on the basis of their apparent molec-
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ular masses. The best-known Hsp is the inducible mem-
ber of the Hsp/Hsc70 family, with an apparent molecular
mass of 71 and 72 kDa in rat and humans, respectively,
and referred to in this study as Hsp70. Hsps are involved
in numerous functions and can protect against cell dam-
age (Hightower 1991; Parsell and Lindquist 1994). Hsps
of the Hsp/Hsc70, Hsp60, and Hsp90 families also have
been shown to function as molecular chaperones, facili-
tating the synthesis, folding, assembly, and intracellular
transport of many proteins (Gething 1992). Therefore, it
is not surprising that Hsps have been found to be impli-
cated in physiological (eg, development and aging) and
pathological (eg, fever, infection, ischemia) processes (re-
viewed in Welch 1992; Minowada and Welch 1995; Zugel
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and Kaufmann 1999). Hsps also may serve as biomarkers
for evaluating disease states (Wright et al 2000) and dam-
ages resulting from exposure to environmental stresses
(Xiao et al 2002, 2003).

In humans, aging is often associated with an increased
incidence of infections and general morbidity and mor-
tality (Jones et al 1982; Lithgow and Kirkwood 1996), and
age and sex are important confounding factors in evalu-
ating diseases. Studies in cultured cells and in animal
models have demonstrated that the stress response is age
dependent (Fargnoli et al 1990; Blake et al 1991; Heydari
et al 1994; Lithgow et al 1995; Kregel and Moseley 1996;
Locke and Tanguay 1996; Locke 2000). An age-related de-
crease in major Hsps also has been reported in human
peripheral blood cells (Rao et al 1999, 2003; Rea et al
2001; Njemini et al 2002). In humans, an aberrant ex-
pression of Hsps has been linked to disease states and
might be of significance in the pathogenesis and prog-
nosis of diseases (reviewed in Welch 1992; Minowada and
Welch 1995). Few studies have been conducted on the
measurements of Hsp70 levels in the normal population.
Such studies are important to provide basic data for com-
parison of Hsp70 levels in normal human populations
with those observed in stressed or diseased populations.
In this study, we investigated whether there was an age-
related change in serum Hsp70 levels in 327 healthy male
volunteers aged between 15 and 50 years. We also deter-
mined the level of Hsp70 in lymphocytes of individuals
aged between 40 and 77 years and analyzed the corre-
lation of Hsp70 levels with age and sex by linear regres-
sion analysis.

MATERIALS AND METHODS

Subjects

After obtaining oral informed consent, the 327 healthy
male volunteers who were aged between 15 and 50 years
and lived in Wuhan, Central China, had a complete phys-
ical examination by doctors at both Union Hospital and
Tongji Hospital affiliated to Tongji Medical College and
at Wugang Hospital affiliated to The Wuhan Steel Com-
pany. This complete annual checkup consisted of a ques-
tionnaire comprising 47 items ranging from medical his-
tory, life style (smoking, alcohol consumption, food re-
gime), full physical examination (weight, height, signs,
blood pressure, heart rate, oral temperature, electrocar-
diogram, chest X-ray etc) to laboratory tests (blood and
urine tests, glucose, blood fat, hepatitis antigens, and an-
tibodies). Each subject donated a 1-time blood sample for
determining serum Hsp70 levels. The subjects were di-
vided into 7 age groups of 15–19, 20–24, 25–29, 30–34,
35–39, 40–44, and 45–50 years.

Another group of 80 apparently healthy subjects living

in Kunming city (Yunnan Province) also were recruited
at Yanan Hospital, a community hospital in the area, for
detection of lymphocyte Hsp70 levels. These 80 subjects
comprised 42 men and 38 women aged between 40 and
77 years and were divided into 3 age groups: 40–49 years
(n 5 28; 16 men and 12 women), 50–59 years (n 5 26; 12
men and 14 women), and .60 years (n 5 26; 14 men and
12 women).

All subjects were physically well and did not have any
active diseases such as hypertension, coronary heart dis-
ease, nervous and psychological diseases, cancer, and oth-
er acute and chronic diseases. The groups were similar
in their living and working environments as well as in
their use of tobacco and alcohol. Any subject who had
abnormal values in any of these tests was excluded from
the present study. So, all subjects included are considered
normal on the basis of all these criteria. The study was
approved by the Ethics Committees of Tongji Medical
College, Wugang Hospital, and Yanan Hospital.

Blood sampling

Venous blood was sampled in the morning after over-
night fasting. For the 327 male subjects from Wuhan, 1
mL of venous blood was collected in a tube without hep-
arin. Approximately 5 mL of venous blood was collected
from the 80 subjects of Kunming into a heparinized tube
and used to isolate lymphocytes using Ficoll-Hypaque
(Biochemical Reagent Co, Shanghai, China), as described
earlier (Xiao et al 2003). The cell viability was .95%, and
cell counts were within normal range for all groups. The
collected lymphocytes were washed twice with phos-
phate-buffered saline (PBS), counted, and the number of
lymphocytes was adjusted to 5000/mL with PBS. Two
hundred microliters of lymphocytes in PBS was centri-
fuged at room temperature and the buffer solution re-
moved as soon as possible to avoid induction of Hsps
during handling. Sera and lymphocytes were stored at
2808C for further analysis.

Detection of Hsp70 in serum

Serum Hsp70 level was determined using Western dot
blot. Briefly, 20 mL of serum at a 1:20 dilution was loaded
by pipetting on a small piece of precut nitrocellulose
membrane using a vacuum system. The load was moni-
tored by staining with Ponceau S (Sigma, St. Louis, MO,
USA). Membranes were then saturated with blocking
buffer (PBS containing 5% skim milk powder) for 1 hour
at 378C with gentle agitation and washed with PBS-0.05%
Tween 80 for 5 minutes. A rabbit anti-human Hsp70 an-
tibody specific for the inducible Hsp71 (#799 in Tanguay
et al 1993) was added at a dilution of 1:1000 in PBS con-
taining 5% skim milk powder and the membranes incu-
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bated at 378C for 1 hour with gentle agitation. After wash-
ing membranes 6 times (10 minutes each time) with 200
mL PBS-0.05% Tween 80, horse radish peroxidase (HRP)–
labeled goat anti-rabbit immunoglobulin G (IgG) in
blocking buffer (1:1000) was added and membranes in-
cubated at 378C for another hour. Membranes were
washed 4 times with 200 mL PBS-0.05% Tween 80. The
presence of Hsp70 was revealed using 3,3-diaminoben-
zidine tetrahydrochloride buffer (DAB) for 3–5 minutes,
as described previously (Wu et al 2001b). The levels of
Hsp70 were quantified using an imaging densitometer
(Shimadzu CS-930, Shimadzu, Japan) at 460 nm, and the
value presented is the integrated optical density or the
value in nanograms per milliliter. For the latter, purified
recombinant human Hsp70, obtained through the ex-
pression of the human complementary deoxyribonucleic
acid (cDNA) coding for the inducible Hsp71 in NaCl-in-
duced Escherichia coli GJ1168 cells using pET30 as ex-
pression vector (Tanguay et al 1993; Bhandari and Gow-
rishnkar 1997), was used as the standard at the following
concentrations: 0.01, 0.05, 0.10, 0.20, 0.30, and 0.40 mg/
mL. Hsp70 level was calculated from this standard curve
in nanograms per milliliter.

Determination of Hsp70 in lymphocytes

Determination of Hsp70 level in lymphocytes was per-
formed as described previously (Xiao et al 2002) with mi-
nor modifications. Briefly, the collected cells were mixed
with 13 sodium dodecyl sulfate (SDS) sample buffer,
boiled at 1008C for 5 minutes, and loaded onto SDS-poly-
acrylamide gel. Equal numbers of cells from each subject
were loaded in individual lanes. After electrophoresis,
proteins were transferred electrophoretically to nitrocel-
lulose membranes. The membrane was saturated with
blocking buffer (PBS containing 5% skim milk powder)
for 1 hour at 378C with gentle agitation and washed with
PBS-0.05% Tween 80 for 5 minutes. It was then incubated
at 378C for 1 hour with gentle agitation with rabbit anti-
Hsp70 antibodies diluted 1:1000 in PBS containing 5%
skim milk powder. After washing the membranes 6 times
(6 3 10 minutes) with 10 mL PBS-0.05% Tween 80, HRP-
labeled goat anti-rabbit IgG in blocking buffer (1:1000)
was added and the membrane further incubated at 378C
for another 1 hour and washed 6 times with 10 mL PBS-
0.05% Tween 80. Hsp70 was revealed using DAB buffer
for 3–5 minutes, and Hsp70 was quantified using an im-
aging densitometer (Shimadzu CS-930, Shimadzu) and
the integrated optical density used to represent the rela-
tive levels of Hsp70.

Statistical analyses

All data were analyzed using SPSS and presented as
mean 6 SD using Student’s t-test. Other analyses were

carried out using analysis of variance (ANOVA) and mul-
tivariate linear regression models with an F test. Statis-
tical inferences are based on the levels of significance (P
, 0.05).

RESULTS

Serum Hsp70 levels vary with age

Circulating Hsps and corresponding antibodies have
been found previously in sera of normal individuals
(Pockley et al 1998, 1999; Wright et al 2000). Serum Hsps
and their antibodies have been used as biomarkers for
diseases and as markers of environmental stress (Wu et
al 1998, 2001a, 2001b; Xu et al 1999; Zugel and Kaufmann
1999; Pittet et al 2002). Therefore, we determined serum
Hsp70 levels of healthy male volunteers aged between 15
and 50 years. Table 1 lists the concentration of serum
Hsp70 in the different age groups. Serum Hsp70 levels
increased in subjects aged between 15 and 30 years (P ,
0.05), peaked between 30 and 39 years, and were lower
in the 40- to 50-year group. Hsp70 value was highest in
the group of individuals aged between 25 and 30 years
and lowest in individuals aged between 45 and 50 years
(P , 0.05). There was a slight decrease in serum Hsp70
in the 30- to 34-year and 35- to 39-year age groups as
compared with the 25- to 29-year age group, but the dif-
ference was statistically significant (P , 0.05). Figure 1
shows a graphic representation of the serum Hsp70 level
for all individuals. As can be seen, there is a large vari-
ation between levels of Hsp70 in individuals. The varia-
tion is less pronounced in aged subjects.

Lymphocyte Hsp70 levels decrease during aging

Human lymphocytes are the common surrogate for in-
vestigating the biomedical significance of many genes
and proteins in studies of diseases and response to en-
vironmental stresses (Bonassi and Au 2002). The expres-
sion level of Hsp70 in these cells may be an important
criterion in studying human stress. We therefore deter-
mined Hsp70 levels of lymphocytes in a different popu-
lation of 80 subjects (42 men, 38 women) aged between
40 and 77 years and divided into 3 age groups. The val-
ues of lymphocyte Hsp70 in the 3 different age groups
are summarized in Table 2 and the values for individuals
plotted in Figure 2. The Hsp70 level of lymphocytes was
higher in individuals in the 40- to 49-year group, de-
creased in the 50- to 54-year group, and was the lowest
in the group of subjects over 60 years of age (P , 0.05).
Thus, there is a significant decrease in Hsp70 level as age
increases (P , 0.05). Figure 2 shows the individual values
of Hsp70 in each subject aged between 40 and 77 years.
Although there is a variation in Hsp70 level in lympho-
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Fig 1. Levels of serum heat shock protein 70 (Hsp70) in all indi-
viduals of the 7 age groups of donors. The mean for each age group
is plotted in the center of the graph. The Hsp70 values are in nano-
grams per milliliter of serum.

Table 2 Hsp70 level of lymphocytes in different age groups

Age groups
(y)

Number of
samples

Hsp70 level (mean 6 SD
integrated optical

density)

40–49
50–59

.60

28
26
26

198.11 6 77.72*
130.33 6 55.70*
89.38 6 30.73*

ANOVA, analysis of variance; Hsp70, heat shock protein 70.
* P , 0.05; compared among 3 groups (F test of ANOVA).

Fig 2. Variation in lymphocyte heat shock protein 70 (Hsp70) levels
as a function of age. Lymphocytes were isolated from 80 subjects
aged between 40 and 77 years, and Hsp70 levels were determined
by Western blot. The levels of Hsp70 are given in IOD. IOD, inte-
grated optical density.

cytes of individual among the same age group and be-
tween different age groups, there is a clear tendency for
decrease in lymphocyte Hsp70 in aged individuals. The
largest variation (about 7-fold) was observed in the youn-
gest age group, whereas the smallest variation (about 2-
fold) was observed in the oldest group.

No difference in these variations was observed between
sexes. We also examined whether there was any correla-
tion of Hsp70 levels in lymphocytes of these individuals
with age and sex using the model of multivariate linear
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Table 3 Association between Hsp 70 and sex and age by multi-
variate linear regression analysis

Variables

Partial
regression
coefficient

Standardized
partial regression

coefficient t-test P value

Model 1
Constant

Sex
Age

360.2025
210.5360
23.7076

20.0720
20.5443

20.76
25.72

0.4522
,0.0001

Model 2
Constant

Age
344.7876
23.7099 20.5446 25.74 ,0.0001

Hsp70, heat shock protein.

regression to further understand a possible role of aging.
Such data also can be of value when Hsp70 is used as a
biomarker in evaluation of disease states and exposure to
environmental stresses. Table 3 lists the correlations of
Hsp70 with sex and age. As shown, there was a signifi-
cant negative correlation of Hsp70 levels with age (P ,
0.0001), but no significant correlation of this protein with
sex was observed (P 5 0.4522). Further analysis of these
data was performed using a linear regression model built
with a forward stepwise selection procedure (the P value
for entry and removal, 0.10 and 0.15, respectively) and
the results also are presented in Table 3. This model ex-
cluded sex as a predictor. It is apparent that there still
was a significant negative correlation between Hsp70 lev-
el and age in these individuals (r 5 23.7076, P , 0.0001).
The best regression model shows as Y (Hsp70) 5
344.7876 2 3.7099X (age in years). Thus, age is a clear
predictor of lymphocyte Hsp70 levels.

DISCUSSION

Human aging is characterized by a progressive, intrinsic,
and generalized imbalance of control of many regulatory
systems (Finch and Tanzi 1997; Pawelec et al 1997; Ma-
soro and Austad 2001). Aging is accompanied by a decay
of self-defensive mechanisms and by an accumulation of
damages at the molecular, cellular, and organismal level
as a result of a constant exposure to adverse environ-
mental stresses (Sherman and Goldberg 2001; Söti and
Csermely 2002). These stresses trigger the stress response,
resulting in the synthesis of Hsps that play an important
role in cytoprotection. Hsps are thus particularly impor-
tant in physiological and pathological processes and also
can serve as biomarkers to evaluate the extent of disease
or the degree of environmental stresses. Studies using
cultured cells and animal models suggest that Hsps play
a key role in aging and longevity (Heydari et al 1994;
Lithgow et al 1995; Kregel and Moseley 1996). Rao et al
(1999) showed that in humans there was an age-related
attenuation in the expression of major Hsps by comparing

the expression of lymphocytes from 8 young donors aged
between 16 and 29 years and from 4 older individuals
aged between 76 and 84 years. A subsequent study using
cDNA microarray analysis (Rao et al 2003) suggested that
there were age-related differences in the global expres-
sion profile as well as in the translational kinetics of Hsps
in the lymphocytes from 15 healthy young donors (aged
between 19 and 29 years) and 10 old donors (aged be-
tween 71 and 85 years). Similar results and conclusions
were reported by Rea et al (2001) in a study of 60 indi-
viduals and by Njemini et al (2002) in a study of 19 young
(aged between 21 and 38 years), 21 middle-aged (be-
tween 40 and 64 years), and 10 older (between 70 and 81
years) individuals.

In our large study of 327 healthy normal Chinese sub-
jects from central China, we found an age-related varia-
tion in serum Hsp70 levels, with a clear decrease in sub-
jects over 40 years of age. Our data show that there is a
peak in the Hsp70 levels in those individuals whose ages
are between 25 and 40 years (P , 0.05, compared with
other groups). These data are consistent with those of Rea
et al (2001) who studied 60 individuals aged between 20
and 96 years.

The biological relevance of these age-related changes in
Hsp70 levels in normal individuals is presently unknown
and needs further investigation. However, we speculate
that Hsp70 may be a biomarker for aging because some
of the strongest candidate genes to influence aging and
longevity are genes that regulate the processes of somatic
maintenance and repair, such as the stress-response sys-
tem (including the inducible Hsp70) (Lithgow and Kirk-
wood 1996). Hsp70 also plays a key role in protection
against various stresses (Angelidis et al 1991; Li et al
1991; Marber et al 1995; Plumier et al 1995, 1997) and
functions as a molecular chaperone, facilitating the fold-
ing and repair of misfolded and damaged proteins re-
sulting from aging (Muchowski et al 2000; Nardai et al
2002). Some studies suggested that Hsps play a role in
modifying the immune response, which is related to the
ability to respond to various stresses and aging processes
(Zugel and Kaufmann 1999; Basu and Srivastava 2000;
Cappisi and Fleshner 2002; Prohaszka et al 2002). Finally,
several reports suggested that serum Hsp70 may be very
important in normal physiological and stressful condi-
tions. The exact mechanisms by which Hsp70 is released
in serum are presently unknown. Hence, some Hsps may
be released in cells experiencing stress, and these Hsps
can be taken up by neighboring cells (Hightower and
Guidon 1989). Serum Hsp also might come from apo-
ptotic cells. Elevated serum level of Hsp70 has been as-
sociated with an enhanced survival in patients who had
experienced severe trauma (Pittet et al 2002). It has been
demonstrated that older patients with acute heat-induced
illness exhibited lower Hsp70 levels than younger ones
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(Wang et al 2001). Exercise increases serum Hsp70 (in-
ducible one) released from other tissues or organs in hu-
mans, which suggests that Hsp70 may have a systemic
role (Walsh et al 2001).

Our data on the Kunming subjects show that Hsp70
levels in lymphocytes also decrease with aging. There are
other reports of aged-related changes in Hsp70 in human
lymphocytes (Rao et al 1999). Njemini et al (2002) showed
that lymphocyte Hsp70 was inversely related to the age
of their subjects (aged between 20 and 80 years), but they
did not elaborate on this finding. Further investigation on
a correlation between serum Hsp70 and lymphocyte
Hsp70 levels under normal and stressed conditions seems
warranted.

There is an increase in the incidence of infections and
in general morbidity and mortality in the elderly, and
human lymphocytes are the common surrogate for in-
vestigating the biomedical significance of many genes
and proteins in some environmental diseases and stress-
es. Our results further demonstrate that there is a signif-
icant decrease in normal and baseline Hsp70 levels of
lymphocytes in individuals aged between 40 and 77 years
as age increases, and there was a significant negative cor-
relation of Hsp70 levels with age but not with sex. These
results can be explained by Hsp70’s possible function and
roles, especially in its cytoprotection against various
stresses (Hightower 1991; Muchowski et al 2000). Finally,
our results showed that there was a variation in serum
(Fig 1) and lymphocyte (Fig 2) Hsp70 levels among in-
dividuals of different ages and even of the same age, sug-
gesting that both serum and lymphocyte Hsp70 levels
may be related to age and aging. The largest variation
observed in the youngest age group may result from
more variable levels of physical activities and basal me-
tabolism compared with the oldest age group. This larger
variation in young subjects also can be observed in the
data of Njemini et al (2002). Therefore, the normal refer-
ence values of serum and lymphocyte Hsp70 levels in
individuals with different ages observed using a stan-
dard detection method are very important in using
Hsp70 as a biomarker to evaluate disease states and en-
vironmental stresses. It has been suggested that there are
variations in Hsp gene expression and DNA sequences in
animals and humans, and these variations may contribute
to differential disease susceptibility and level of stress tol-
erance (Favatier et al 1997; Xiao et al 2003). However, it
still remains to be confirmed whether serum and lym-
phocyte basal Hsp70 levels are related to aging or lon-
gevity and in which ways.
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